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(57) Abstract: Target motion and an instantaneous 
value of a target floor reaction force are deternuned 
based on a deviation between a target state amount 
relating to a posture of a robot (1) at least about 
a vertical axis or about an axis normal to a floor 
surface and an actual state amount of the robot 
(1) and on an allowable range of a to-be-hmited 
amount that is a vertical component of floor 
reaction moment to be applied to the robot (1) or 
a component of the floor reaction moment, which 
component is in the direction normal to the floor 
surface. The determination is made, while keeping 
a to-be-limited amount corresponding to a target 
floor reaction force in an allowable range, such that 
the difference between floor reaction moment that 
balances in a dynamic model with target motion 
and floor reaction moment of the target floor 
reaction force causes the deviation to be closer to 0. 
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#t&£CDT, (Xs, Vxs) t (Xe, Vxe) t#-SUT^4» 
nEtfcSfc^. ^^T, _b#zk¥&*5i£#l?-&#&g (errx, 
errvx) S & » K tttlfcrfc: 6 V> . ^T© 

±#*¥'f£M&&l?-&fl 1 &g (errx, errvx) 
3 (Xs, Vxs) #*S?3fcWfc:3fc8&e>ft5. 

^^T?S 2 1 4 Kit*. #tiJ U^:-h#:7K 5 P&e5£^^#^ff 1 ^^ 
(errx, errvx) ifi . tb 5 £ g> ItK £ * *l ft fF H ft » S S 

tsa^s^-r^f^D c, wmmWLf&fr (x s + v x s /coo) 

5§fC^^ (Xe+Vxe/coO) <hOH, & J; tfBJSB W.%Lf&fr (X s - 
Vxs/wO') £I«*K3€J&# (X e - V x e /coO') tOi^n 

o, coo' mmvtc^o \z. &&ffife<Dm-v$>z>o 

S 2 1 4 ©*JBf«f*5^NO^&5 fc #£teS 216 tCittK d CD S 2 
1 6 Tftt, (X s , Vxs) ©tfiEK:*** (###0ilTte 20) Oftftl 
ffi&ftt (Xs+AXs, Vxs), (Xs, Vxs+AVxs) 

n&o axs, Avxswt, *n*nxs, vxs«t^f 

ti^i#*¥fefi^osiittiitT, mms 208 fcR«*©«i3K: 

tjtijii^ (si rex"', y ,M , wrnrnft) frb&tzmiz^mis 
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fct (Xe + AXel, Vxe + AVxel), ( X e + A X e 2 , V x 
e + AVxe2) n £ ,> Z.Z\X, (Xe+AXel, Vxe + 

AVxei) « cxs+axs, vxs) % ±faitwmm 

&MVkh, ( X e + A X e 2 , Vxe+AVxe2) \$ ( X s , Vxs 
5 +AVxs) fc***-r§*»±#ffi«3fim&**l/TViS. £© 

mmm & cxs, vxs) tzvtzm& £m-\zmfe-?n&&^o S21 
6T^$6tc MfBs 2 i o tmmcDjsimiz^^ x. &%jmmmwi£ z. 
io nizttmTzmwi-tfcfowmm. £<Dm. t^^is, ^wmmmn (xs 

+ AXs, Vxs), (Xs, Vxs+AVxs) (D^rtl^tl \Zttlfo~? Z> 

^ViT S 2 1 8 izm&. (Xs, Vxs) & J; ZS^r JWifiM 
(Xs+AXs, Vxs), (X s , V x s + A V x s ) (D^n^UiZ 

15 M^&±fc7k¥&mmmmR$kflrmm&m\z, (xs, vxs) 

fcj:D^^$n§o ir&frs, (xs, vxs) ^^xstoni&owm 

(Xs+AXs, Vxs), (Xs, Vxs+AVxs) (D^ttl^ 

20 tnzMf & ±fa7k¥-&mmmmR$kflFmm\z&~DT , ±^7X¥^«^^ 
i^TK^ig^^^-n^ti^saffi^s (xs, vxs) ^e>»/jN^^$i± 

mmmR&ftmn*&Q'bz<r%&otewmmmffi (xs, vxs) 

^fif^M (X s , Vxs) /^&£$nfc^ S 2 0 6 £M£o 
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S 2 1 4 <Z)#iJ»r*SmJ&*NO 0 teiffibfcflaS ( S 2 0 6 ~S 

®r&&*08!ffi«5*t (xs, vxs) ^^^-rsfenr^^^^^Aas (S 
208) s 3 o o (02 4#jh) ±&mm&Mm<D®M 

5 {fit*. £!p±#:ig»a»fle©*J8l«''Cfci&:<» ±#7jc^{i«ii^ © M 0 
<Z>«J$lft£tt (X s , Vxs) fc^tSS 2 0 8 ©iK^^SS 3 
10 (024#i) T^l&feOC^^nS. ^bt, S 2 1 4 tf> 
fJilSWESmt, (S 2 0 4) ^^ttTS2 

2 0fc3itr o s 2 o 4<Dmy)MV)v-^^m^rct^<Dm.m\z± 

m±W7k^®:wmm. (xo, vo) twmmmo \z&tfz>wn±fcmm. 
fcmmm (zo, vzo) fc.w»i*ja 6 fc*w««jw±#»»«**^ 
15 ii^Mfe&ns. 

(X0, V0) £ (Z0, VzO) tt> S3 10i^^T^ 
&*££#^<0&JB±#§g#fc*5.fctf*l58&£* S 2 0 4©;i/-^&tfe 

i jsehi^^ic^ u mz>-o rcmmomn, mm * =Tcyc m 

M Te-Ts) t %\Zfc7£Zn%±fo7k¥&W&&£-±foffi&&^ 

jfi!lBr^«) (D^^PlC^^-r^^^PBH^ (HI 7 <DX "', Y '", Z'" 
fcJS^tffcJiflEfc*, P#^iJk=Tcyc (Bf&l Te-Ts) Tfe^ttlC^^^ 
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±fcmm&RxsMmmm* , mm T Cyc ^sssss-^ 
5 ^ e> n ^ o 

q [0]= X0+ V0/a>0 -^4 0 

o 

10 S 2 2 4 fcii*, ^#^#J$!fSm/&# q [0] a^®^^ 

*fc, wm±^m&mmm (zo, vzo) ^©^^itiWfli^ 
^ e> Hfc-fii cm** (zo", vzo") tittfe&ns. 
^ <t , (zo", v z o ") ii 2 jsm^^o^itMims^ 

15 (0 17 0X", Y", Z" M*) ^SJS.fc»2ffil3^#3fc»±#»Iit 

tiitic-tbTv^, ^rc> q"[o] fei2 jsm#^©^^isim 

(El 7 CD X " , Y", Z" ffi^^) ^6»Brcm2j^[Hl^^^Sfim 

z 0") *3^^q" [0] ^^mt-^^^iClbTfe^^o 
20 S 2 2 6ICl^, ^CD^gHlMJ 0 (^®^WcD*«lMJ) 

\z&tf%wmm&mmMVM&&z$Mmm(9eLzo, oazo)^^ se> 

fc, Cin^^jHl^^CD^^Jil^^^^ £>J! J fcfST& azO", coazO") 
£;£#>£o (0 azO,coazOm, S 3 1 4 & £ S 316H 

25 (r«j ts) M&ffimmiQM& <ktfMmmt&m\z. ^mo^^m^ 
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ft • mtmmm^MUTzmmu^'cu, m^ti^-^y hmw-m^m 1 ? 
tn^i^&i/^^t, m&mmMio MWimzfrfe^* ±femmft • 
m^mmm d ftuftmm~e\$> mmmmB^nBrn v ftmmm 0 aref 

DftWiM&&:i£vtzM&iz.&rtz>) m 2 ■m^mfrzmr 1 sm^i^^ 

DibofciK©^J, -T^fe-fe, Bt£iJk=Tcyc (P#£"J Te — Ts) T & 
§ ^#fc^^$n^^&^Bl3lS*g 0^143 .fc^lSS, fMJ Tcyc 

&±lC«fcD, HI 3 ® S 0 2 4 ©IS, irfcfr^Mlg&^VWMWlM 

013©SO26 \ZM&> .^m^O^/l^ 
( — t5. S 0 2 6m <£DA#ftH-te> ®3 9iC^T 

S 6 0 Ot^UT, ^©^(O&^&St^i^^^^ 0 
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1 1 5 

5 ft*. 

20 S 6 0 2 £5i^> ^|I|^&0&!p±#lgf&*yi/^*-*^ 

^3T^tf>|gl J6ia#**^»2jfelHl#&£H*fcfc5££ft*. fetch, 

^m^m(Dmm±^mwiM^m^^^m<Dm_m±^^WM\zmm 
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(0 1 5 ©S 1 0 4) <D*^^IrI^> 5 . 5 

S 6 0 6 CI*, ^m^m-<DmKtl®i'&J&ft^^.^^ 

retch, laa-tut 5 ^®&m<D±&m>i>mm 

J^#«K:fci, flu 13 H 1 3 <0S 0 2 4 ©II (jeSJ^WSB 

^^^j*jWjE«*^e»mfcisfc^*bfcii (zo'\ vzo"), -rftfr 

023OS 2 2 4 1?fftfc (Z0", Vz 0") 
±fcWLfotomtiLn\Z* S 2 2 4T3fcfcfc£#^&©Jt#*&i*tt* Z0" 
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5 S 2 2 4 T^&fc^#^£>±#:|&Ii:7£^ VzO" 

#5£4 1 a, 4 1 bcD^^^^m^^m^BjSStC^A-r^^*^. 
15 la, 4 1 bODI^l^l&Stt^i^lJttftAb, 1 a, 

4 i b (Dmm^m&T & ? \z, ^\m^^<D mziJi & 

(ck D^#:^(C«A°^^-^{it) ^^S$n?>o fc/cb, ^4 la, 4 

%><, 

20 

+ a^jp^^cr» 2 mmft 

25 1 a 
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— ^4 1 b 

S 6 0 8tCii#-, j&fcJR;fJ7fc¥j&#B^S&H[Fxmin, Fxmax] 

s 6 i o \zm&, SK^ : E-^>^^t^^^^® H 
[Mzmin, Mzmaxl ( «J fc ttttJfc R * * - ^ > h » * ft # 15 H 

o;^->§itt§^7^-^) ^\ 1 ft®***** 2 
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^V^T, s 6 l 2 fcit^, ^rm^^(D Z M P#l3I (M«i:»zmp 
-ft £r L V* cfc 5 , Huf2HI 7 tC^f CTt < l£;££n£, 
10 teS^I^^M© ZMPtf t- tt§ J: -5 lc> ZMPflIA7^ 

-r^&/££*i& 0 z.<dm&, ^tf#^-e«s M-j^^^sa^^^^ z-m 
15 m^w^^^bT^'fb-r^ J: d \z zMP«ii/i7^>-^^ittn^^ 

f£&, S 6 1 2 T#r^$n£^®^W© Z M P sfftjl A= ^ ^ ~ ^ #4 

£<m&vtz^®&m<D zurmMZ:, j^i^> ^iei#^cd^@^zmp 
20 m>m.tm&z. tt-r&o 

MQMm7tmTmM Tb te> ^#^<ftf§ 2]!^[Il^K:&tt£ Ts2 «B 
25 ^T^fecDTfe^o £:ta£<Z>lMJ Ta, Tb <£>l£^©tfc:#te> ^n-6tl 
Tm & <fct£ Ts2 <D Wife <D i±^3 t M $1 T & 3 o 
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m i 3 (Drnmizm-DX. ±bb©££<so26 tstii i^-mmm 

^ fiM K JR^ T § «fc o fc ^ HI ^ W © RI 0 ft K M "T £ A 5 * - 9 

0 4 2 ttf ©Bl^W^JV-f^ • :7 a — .ft-b?*5. 
|fS 7 0 0 ^gTS 7 0 2 fcii*, «gZMP/^">^Oft 

©jfcflBttffi (iDMflSifcli, ±#7K3F#:g5£]^ _t#£&ift&«^> 

Jfc^T?, S 8 0 2 SITS 8 0 4 tC&^T> -iR^^^^ffl^^ k ^ 
^|fiI^^^^P#^J Tcurr &t»T& £ JfcS** (k^Tcurr 

#*l»3n, ^©^JttfrSS^YE S SS^teiK^ S 8 0 6 (D^rM^n 
n&o S 8 0 6 ©itiififttf ^^-f >"t*«> fu>£©S 3 0 6 t 
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<5 o 

>UTS 8 0 8 CI^> <K^^^^ffl^F^J k ^ Ak ^ttiiSP^tl, S 
5 8 0 4t:S§. 

S 8 0 4 CD*«»f*§m^NOT?*S*^lC«, El 4 3 \Z^y D — ^ 

<£^TS 7 0 4 Klil^ -LIB CD 2Tfc < S 7 0 2 -e^&fc^H!^^^^ 
10 T<D±#:7K 5 P&gjS^ ( X e , Vxe) 3§ ft # Q 0[k] 

(k=Tcurr) ^El^CD^ (1513^10) m ^XHt® Z HZ> ° 
^^TS 7 0 6 K:3t*, ^lEl^^^«^m^^qO[k]i:^S^^I0^ 
fgftJ&ft-Q" (0 2 3 OS 2 2 4T^S6*tfe<£>) t0lTS§^f 
errq a*0^©^&fflV*T3fc«> StlS. S 7 0 8 Id 

15 A; 7? , ^©^JSDfe^^^m^^^^ errq tftfgttHrt (OjS^CDiB 

S 7 0 8 CD^IJ^f jg^^N OT!&5 £ * » S 7 1 0 lCii#.» a = A a 
( A a «8fJ£©|R/h*) tl, 04 4 OHitf oTiftOiKSSZM 

p /^^->\z-^m^omiE^m^rcmmzMP ^m\z, mms 7 0 2 t 

20 IWiatC m^&X»<DU^®i£m*mW'TZ>o Z\Z\T, H44^#itT, 
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iSSS«l»!Mfc:^W"*iKS«ZM P ©3r *a,&<7>Rf t-^ fc>-a:XiS:5£ £ nx 
V>3„ S710Ta = Aait^li ift©t@gZMP«ll 

±|H0J;5l:S7 1OCT, a = A a <h U T<K @ « Z M P s&Jl5t & 4* JE 
L^t*©^®^******^^*:^ £ S 7 1 2 K3i** 
S 7 1 0 T3Ra&fc^^lHl#&&ffiX©±#7K 3 F&fi&& (X e 1, V x 

errq **/h£ < ftSMTA a £ M4> $ * 5 <fc 5 £^ A a 
ilT^fgf^^^H errq * W ^l&B ft & £ £ £ ^ £ » 

#V>XS 7 1 4 tit*, /l7^-^!iSr ( A a t:^t £ mi$$£%U& 

frmm<D : mfc<Dm&) ?s«0^cD^&*«)&ns. s 7 1 6 t 

31*, a = -errq/r, t&btS 7 0 6 Tfjfc «> fc ***3S« J* # 
errq S 7 1 4 X3fc& & A 9 J* - * r XSU o fc* *i« S ait 

S#JBA:*-><Z>lfcIE*£0 4 4©l«lCfoTl@gZMP/^"> 

&V>XS 7 0 2.fcK«. ^bX, S 7 0 8 ©«»r»**»N OT?» * « 
t>tt, ±ieifeS7 0 2- S7 16©Il«0l^n, S 7 0 8(DfiJ 
|§^^YE S IC&ofct^Klte, ^OiOIt^-T' (S 7 0 0 ) £ 
&frX S 7 1 8 ICittfo 
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5 hZMPmUMfi (ZMPrec) 0) n$ - > £ tl 3 * d ilTftST 

§ZMPrec te, § ^ HI ^ W $1 B# H 0) iMIT, tfcS^K^Efc 

io ^mj^^t©— ifctt (s 7 o 8 <D^m ^mm^^^^-o \z, mmmz 

M P £^IEf £ <D % 25 § o 

i3 0(C^^§I2 JitHl#^©^P B 1(D ZMPrec <D A° ^ — > £ |SJ ^ 
15 fc. 1-®#^©ZMPrec <Z> ^f;l ^ — > £f£^ t- > #fl£©M^ (tftft 

&o\Z ZMPrec (D^^i^^ (A*7*-^) ^ £> <E> n £ o fcfcb, Z 
MPrec (D^^A o ^->^^^±^0$^fe^B#^JS: Ta tl> #^A°^ 
20 ->^5 0l;H§l^i^Tb ttS. 
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12 4 

mm&m&t<Dm*&fefti&&K&ftK^ 1 * v f xibAl, * ifi * ZMPrec 

fu5£0D CT t < S 7 0 2 tZMPrec ? — y (DiSJ&m ^ & 0 £ bT:& 

£ ZMPrec - > <D M t£ * & % U bcurr £ UX^Ie]^ 

«7TG^-* > h ZMPlflZMPrec ®24<Z>S310 
fc43V*T3fcJt> Snfcfg 1 Ife®^© Z MPrec A^~> (^S^^tfflB 
acycl 3 0 ©#E*A*->> £&£{ttbl<£fnT&££i-£o 

S 0 2 4 lCfe^^S^#^^^^^^>^^^^^ :7 ' ;,/ "^ >0 ^ a ^ 
bfeB#^T^i& 6>nfc#^CD5£S^ (ft&WKS 3 1 0 IC^^T 

rec A °^->£ S 3 1 0 \Z&^T$ttb t>tlitr%? — > acycl X 

hMmm^'tn^ne ior g , v£ ior g its. 
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12 5 

A 6 1 -6 1- 6 lorg 5 0 

Av 6 1 =v 6 1 — v 6 lorg "^5 1 

' A 9 1 Avd 1 ft, ZMPrec ^IE^# £ CD ^S^W £ l£ 1 

ZMPrec I^IE^iC3J^lAT, £ W\ Wk CD T )V 3 U X 

Afc<fcoT, ZMPrec K 9 — ><D £ £ ffifE acyc2 ttti 2 flg 

Lfc^oT, A 0 1 £^Av0 1 ^ 0 1. 13. % £ bcurr, 

l§ 1 HH!2& 2 bl Jfc&fc bcurr £^m#^©##^ £ 

t o^^m <D±fcmmM izmT&mti^^^frtfm 1 2 \z 

W*T7 7-f*-f-^ FHx, FHy Oi5&*»»tt^!:i:*6, A 
0 1 35«ktfAv0 1 ^IeI^^^ bcurr, UlS^t^fS^ 

err, m © 3^S±#:^^ £ 5$ S t CD W M -kfriB & & ^ 

momyOexv £. £KT CD H # £ Jt^ . 

A 0 l = cll * bcurr + cl2 * bl + 0 err + el * v 0 err 
Ay 6 l = c21 * bcurr + c22 * bl + e2 * v 0 err 

fetch, ell, cl2, c21, c22, el, e2 ft, ^0^^, » 1 Ife El # * <& 
&'mniM> ±#:^.#^7t ; e-^> h ZMPm^ffiZMPrec 9 — > <D 



-5S; 5 2 
-5S; 5 3 
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^Vit, 5£ 5 2 , 5 3(DI|[T^5 ell, cl2, c21. c22, el> e2 ^\ 
5 JMtZMPrec /^->(D/17^-^ fc«f M fcHf* * - * > 

&^T5fc 5 2, 5£ 5 3 (D&mifi 0 tfeSiol^lI^^^^S^ 
bcurr, 18 1 S bl ^ftf $^5, f & fc> % * j£ 5 2 > 

5£ 5 3 (D&m* 0 £ Vr^m^U^^MK ^ t bcurr, bl ^ 

io ^^e>n?)o 

m&\z, ^m^mo) ±^mmu7€^~- ^ > b z m p i&wm. (zmp 

rec) <D1$1&^# - > <Di$mm-£&^ JL f B ^ ^ ^ HJ # ^ ^ ^ « ^ 
bcurr n^>o 

#^TS 7 2 0 fcil^ ift0ll^ZMP/^-> (S 7 0 0 OI 
15 051b;V-^^^ttfc<h#O^:g^ZMP^^->) Id, S718T1 

iT?si./^->^®^^©Biz m p nz — >aT^^n§. 
/ \° ? - > & tp is b & a * & & ^ & o 

S 7 0 0 CD ;l/--7°lC*5^T^^$n^>^^lHl^Wi*> ±#^#^75^ 
-^>hZMPlffiZMPrec £0 (ZMP rec ©■&^>5'->©i* 

25 o o ojH^cMiBfcftftanfcft^BWtft, *©±#it«** 
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5 Lfrb, S 7 0 0 ©jH7°Tii65l:#^nfctgiZ MP A° ^ - > 
£#;iET& £ & < , S718 T^fe ^n^c±#:^#m7C ; e— ^ > b Z 

*HJfi^n?«. ±#*¥*fcit*fLii<£:s 7 o o ©;v 

&n^5 feOAi&f 6 £ & < Tgrtf <fc "5 ZMPrec 
iz ioTKSiZMPA^- >&&m-?Z> ^tilfc. 

t', zmp mmiz^-o xm$zirz>mt> ^m^o^ticomm.^^^ 
<^e — ^ > hifi o \zfc%> \%±.wmmm.7t : t - * > v zmpmi^ 
n*rn%> 0 vrcifi^x, mz. iiizmp n^->\z±^mmm.7t^ 

-J* > hZMPiII/^->§ilDltfc/^->SigZMP/^- 
20 >tLT, S 7 1 8t*J6fcJ:Mit7Ct-^'>hZMPlffi/^ 

llZMP/^->^iSt5^!lIM£4^tnH HfFlB^^HI^^ 

R_h^\ i@^ZMP/^">t±#:^it7ct-^ > h Z MPlI 

25 i/i # - > & h it n & - > & @ ff z m p n # - > £ b frm & t? a5 % o 
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fcfc, S 7 1 8 Tii^^Tt^-* > 1- Z MPi&fMilA^- >&&/£-r 
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m^<Dz:^< s 7 o 2 T^&*iJi^MD«7t^in3S^A 0 ^->^#^ffi 

0 ft h £>M£5&£k Htl^flazerr £fc> 
^ £ ;£ i?K Jin^vS zerr t T & . 

bzcurr <h bT^®#^£j&£n> 3l*'ttV>T, ^m^^tnUOT 

20 i mm^^om^mm K>m.7tnnmm.n?->fe^ i24©s3 14 

(mZfrmm azcycl 3 6 <D-&m — bzl ©fP 

n^n »zi> v# zi tts. 
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&nmmr)&7uMmmmK*->*s 314 iz&^x&tbzntc^?- 

> (H5$^ azcycl T^§13 6 <Z> # — > ) £ L fc « © J£ 2* 

(Dm i ssEni^*^sBj^<a:ffijft« o ^tftiss^n^n 0 ziorg, 

v 0 zlorg h o 

JLUT, A0zl, Av0 zl 5 lC5£tti-£o 

A 0 zl =0 zl- 0 zlorg — ^ 10 5 0 

A v 0 zl =v 0 zl — v 0 zlorg 0 5 1 

A0zl 43«J;tfAv0zl 5£&*B ttJB 0 ®7E:fc iP 38 ft 5E # * £ * 

£5u#lHl3£ftn:? — >©#?gift£§fl&IB azcyc2 £ b Tf§ 2 m^^^* % 

bfc^ot, A 0 zl fc«ktfAv0zl j5* 0 <k^*^0^*#^»^ 
bzcurr, $g 1 $ bzl 3fc£>fc bzcurr £^H1^ 

2 fc*f7 7-f '*.-f-;V FHaz CO J; 5 £*t^> ZtfrZ, A 0 

zl *5«fctfAv0zl ^HI#Jg#5gi«3 bzcurr, B 1 Mm&mftMM 
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mm&m^m k> Mmmom vd ze rr tstToymmzw-?* 

A 9 zl = czll*bzcurr+czl2* bzl + 8zerr + ezl* vGzerr 

-o£ 10 5 2 

5 A v0zl = cz21 * bzcurr + cz22 * bzl + ez2 * v0zerr 

10 5 3 

TdfcV. czll, czl2> cz21, cz22, ezl, ez2 fcfc* ^EI^^, H 1 IS HI 

<h<E>^#"T!GD}£l&*B MJg 0 ^ 0 zerr v 6 zerr 

15 Jfe^TT> 55 1 0 5 2, 1 0 5 3 ©ltTS5 czll> czl2, cz21, 
cz22, ezl, ez2 ^IeI^^> S 1 Mm&& (D^mM ffl » 

5&V»T?5£ 1052, ^1053 0 t fH £ £ "5 \Z^m&&-&B 

20 bzcurr, 1 Mm^^^^m^ bzl ^$^5. a£ 

1052, ^ 1 0 5 3 <D;£33£ 0 Lfc3lSr^SS;S»< £ it:«fcoX, 
bzcurr, bzl ifiifc &£> 5> <5 o 

±f3^i&.fc^lll^^^^ffi^ bzcurr t£l£^£n3o 
25 il 3lCloT, ±13© < S 0 2 8 \Z& ^T^HJ#^A 0 9 * — ^ 

&ftiEUfcife, &§w*s o i 6 ©«ilff«s** t NOT?»s»'&K:ra, s 
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S 0 3 0 7?lt -tWfJl— 9- >~F&%> M 4 5 (Dmn&Mfr $tl^o 
H450S14OO*6S1411*Ttt, H25OS400^5S 
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s 3 5 3 6 (Dmm&mft'zn&miz, ?uv z a© 1 

s 3 5 3 6 t(t ±tB©z:^:<#&nfe#M^^-7 f ;V'#^©e 
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5 2 0 1 \Z «£ o T#tti$n§ 3 8 Z MPtfcO OJ^S^^E-^ > h tK 

£ Mfullxy, 7 ^mKti^z- * y b^M^^ Mfullz. tfi&to 

MfBjbfi^^^:^;^ 2 0 1 KJu eiiMi§iSt§±MS 

15 s^Tk^p^Mfe^m-r^o 

te&^ 0 7LfiT^oT%?n^^Me>-r7tfe7X^(Z)as-e> 7 )V^e^jv\z 
^MiEfflMai^^;!/ 2 o 3 & ^zsmmsmmv MffiiEmmm^'r 2 3 

^ffiiEffl«»j ; eT ? 7V 2 0 3 ^UT^i^^^^MiEfflMaj^^;!/ 2 0 3 



WO 2005/000534 



PCT/JP2004/009472 



19 0 

"±#7K¥fi:«^iEfflSSft ; E"7 i ;w2 o 2 a nt j£K # ^ - ^ > 

«*&IEJB«ft : E5 f ;i' : E-.* > h Mp £W&. £7c, _L#7k¥&«*IIE/B 

gitx^ 2 o 2 (Dint) (mm±fc7k5£$LmoffiiEm) tftiEjBMis 
io 20 2 fim£^&mKJi7k^}&ft&±fc7k¥&mffi&mMm^^)\'fiifc 

±#7K¥{4S«IEffl^i& ; E^;V 2 0 2 te> El 6 7 cDd: -5 fc, ^,£<h#J 

20 &g zb £ pi— t-r 

£cD±#:7K¥&«1f lEffl^lj^;!/ 2 0 2 MIBrnM^^-x^^^ 

^!LT> My> Xb, Zb ^^ttSti^^lT, ^^t-^H^ 
25 giAMy i±#:K^7K^^g(D^I& AXb £ CD Hff £ fu 83^ 0 3y^6 
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A My = - mb * A Xb * (g+d2Zb/dt2) + mb* (Zb~ Zzmp) * d2 A Xb/dt2 

••• 5S; a 1 2 

5 mm\Z, Fx, Xb ^i^tt^-^lT, ^S*7jc5f J^^(D«»J AFx 
AFx=mb* d2AXb/dt2 —at a 13 

10 

±#7K :s FiD^S^ioT^^ v rs AMp tAFp (Dik-?& Z> ±faMLm 
5 E— FSI* ft^h fcJU 5£ al 2 CD^S© 3 ^©ifrTK^PJPiSSl* <fco 
T^g^T^Jl (n*3^l21) <h^C al 3 (hOitTafe 6 , 

15 

h=(Zb-Zzmp) -Sal4 

20 =koT, al 2 tit al 4 <h «fc 0 ^#5*15. 

A My = - mb * A Xb * (g+d2Zb/dt2) + mb * h * d2 A Xb/dt2 -Sal 5 



25 



i^. Tfcfri?, ± famuli mm.®, ft Fbz ^^7?^«$n^ 0 
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Fbz=mb* (g+d2Zb/dt2) -ial6 

fit, :0^al6 £m&7£0 lt^S, ±ME*»El«^ Fbz 
5 te&S£&£o 

Fbz=Fz-msup * (g+d2Zsup/dt2) — mswg * (g+d2Zswg/dt2) 

-S; al 7 

±.#^s*^ii:^^«> m^^tt^ Fz i 2 
jSi^ffltsl* £«&ti to^*©M5i*^it^^^©?n^^^^„ 

S a 1 6 £S a 1 5 ICftAtS £ £ <fc D , §tl5, 
A My = — Fbz * A Xb + mb * h * d2 A Xb/dt2 — Sal 8 

15 

S al 8 CD A My & J:#:7K¥&««IEffl Sft ^ ^ - * > h Mp, 
AXb &ffiJEmmW) : £'f)\'±fo7k¥$LW Xc . Kr2tJft£i*3 - £ <£ 0 
(S al 8 © A My _L # zK ¥ & M It IE Jl fil ®J ^t*;^ — J* > b Mp, 
AXb (cMlEIBS»^;V±#*¥&fi Xc Sf^A-TS ZliCk 0), & 

20 5W#en<5o 

Mp= ~Fbz*Xc+mb*h* d2Xc/dt2 -Sal 9 

25 T*8& ^n^i^Mii^- H«EAIt*h £S al 7 J; o T:£s6 & *l 

Fbz V*T, Sal 9tl$n'5. 
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ft al 3 CD A Fx * ± W 7K S IE JS IS id t xJP *E 7J * ¥ 
Fp = mb * d2Xc/dt2 a2 0 

5 S al4, ^ al 7, S al 9> S a2 0 (Uo T±#zfc 

&m) ogfttt-atstiot^LT^s^, sclera, -stst 

ii^^cJt^ fi£oT, Mp, Fp <h Xc CD W^s'jfc £ £> \Z. 

15 ©*§IE*£fp:£B-r£o £CDA7J TO^t-/ > bO^iE*) ±# 
S5f^«»ft»jEfflJR» ; E5 s ;i' : E*-^ > h Mr <±#^#*l*t iEffl««J^ 
rJVMr tltfr-T d £ £ £ ) tf^. S-fc, Jh#jg«ffitt£ 1tiEfflM» 
tf^2O3 0ffiA (g«-fc#g#*g&£<Z>*&IES) £ 48 IE JI3 & » ^ "5* 

)v±fcmmm&M e c ti?^. ±#&»«#A*&:£ffl«» ; E"7*;p 

20 2 0 3 ^^^i-^mM^7X¥^^^±#:7K¥feeaiEfflS«l^^;W^S 
*7K¥^^ Fr <hP?^ 0 Fr tef&}£ t- Z £ < 0 T & £ o ~rfct>%. frft 

Fr=0 . — ft a 2 1 

25 

±#^^M#^1tIEffl^I(i ; E^;P 2 0 3 tt, 06 8(Dj;5t, 77^f 
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-f *<-;KD^§^bfc^\ i^gfHW^MlEffl^Sj^^V 2 0 3 fcfc, 

CD 7 ^-tJn-T -Jk'bMttS. ©7 ^ ^ -;p<D^ 

5 te, 0 1 2 b^MIB^M^^Ex^ (3S^ ; &TJK7 7'f *'f" 
©7 7< #-f -)V FHx% FHy t ^ D T & £ . ZL © ±#35S&ffi**a 
ffilEfflSKj^:^^ 2 0 3 CO 37 ^ -f t}n< — Jl/ © 0*5*3 IE /BS» 

10 *g^T^o ^T©i^^T«S^©^H_L> Yi^fcDHIfe©77 

15 -;i/©^r^;U) ©«J77#7j@S;©lufB^ 0 3 y (C^^T, ^^77^-^ 

£ T?, My, Oby UKfeMWut&fc^T, «S # ^ - ;* > h 7jc¥)& 
^©^5»J A My £±#§£#£#($-£1 ©35S/j A 0 by ©W#£5£ 0 3 y £ 3l< 

20 

A My = J * d2 A # by/dt2 — & &2 2 

& a 2 2 © A My £ i^iffil^ ffSft ^ X^^E - ;* > h Mr, 

A 0by £»:E/B&I&^7 £ < n/±#:§g##&:ft 0c fcljitfjfc $ * 3 £ £ £ «£ 

25 o , ^n&n§. 
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Mr = J*d2A 0c/dt2 ..^ a23 
5 ®Ltc?t< & a210^^5 (Fr=0) o fe*. ± B ftt, _t# 

IES) **liE««»^^a!ttttli[«OA0ca iff*. 

mm o fttUE**** ^*4t**KA*^*a!ft*iii d a 

^iE^JRW^^flcK^Tk^fifc^ Fa Fa ^bfcrt<0 
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Pa=0 -^a2 1 c 



FHaz tWCTft*. ^lfilI«D^tiEffl^f>2 3 1©7 
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zom&mmmvmffiiEmMm^Tfrz 3 1 i» ib * *Mt * 5* » 

AMz tMffittl^OglA^az Oli^O 3 z S*«>3£, ^ 

10 a;^#e,ti§ 0 

A Mz= Jaz * d2 A 9 az/dt2 -i£a2 2c 

3: a2 2 c © AMz *»4fc*J»* D ft *iE JflM*^/^- * > h 
15 Ma, A &az*»jEffla»qE^;Pii»ttffittSl3ft 0cate*f****2:^ 

Ma= Jaz* d2A 0 ca/dt2 — ^Ca2 3c 

tt-h©bfe2rt<3S; a 2 lcOidfcfc* (Fa=0) o 
MMiT-S J; -5 S 3 5 3 6 T?ft 4ftjE$t« (J;Dil< 
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ommm cs 3 5 3 2Ttfc^@^o M |j t tob«±#»^ 

t ©**HJHT?aft»sjx*n) £jjtr« 2 o 4 TiwA* c: i ic«fc o# 

fiSiW) ^ WB*»**>fifl:*5*;P±fl:7K¥ffi«©*l»'|t (S3 
teWiEfflawt^ifrzlcTtt* Xc (aft** t <z>«*A*B'?*tt5 

r*, M&**it*mfc*:? s )),m{kiaRmQA(Dm*m. (S 3 5 3 2 ^^ 
sfitfMftftKiDA oca mtemm t osbmitj^^s 

m\zmm^)v<Dwm mv< te±{*7k¥&m®mmm®*7)i2 o 2 
£±&mm®®&®jEmm®*?)i,2 0 30mm tmmmm^MmiE 
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Mdmdxy £mm±mKt> * > hmmmfr Mdmdz i*m 

^^^E^^^MA^E-^ > h7K¥/&# Mfullxy 

+ ±#S5»ffi»^»jEfflfiE»*5 i ;P ; E-^> h Mr 
15 > h7K¥^^ Mdmdxy 

••• ^ h 5 

^^^•x^^M^TK^F^^ Ffull 

^ h 6 

7;Kf^^5fjt-^ > h»i^^ Mfuiiz 



20 
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-Shl00 6 

fetch, ±#*Mli3E»8ft^^ t -^ hftm Mp2 ^ 
± #*^fi«»jEffl«»^5 i ;i,©a»lc«fcoTa£7;P^^;|,2 0 l±t 



15 



MlE^^Ojir © z MP = g|ZMP 
20 3„ fc£ U *tiEil**©*©ZMP© Y ^ ft ft * ffl f S « # {c ^ % 

^h7©^3ac7) r + J fa r-j icu^n^ea^. 
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t & So 

* h7*S*»Stt*»iE*#©X©ZMPtt, ZMP«=*ififfl|*|te: 

10 &.±<D&5iz, »iE*#tt, ^ h5, ^ h6, ^hl 0 0 6, ZMP 
(5C h7*B|#6n§iIE^©XcDZMP0i?ft|EH^#) 

ilfflli^^2 0 2, 2 0 3, 2 3 1 0 

5fcJfcft«»*fr5. 

*?\ ±#*¥/&«»IE/flSSfr^<7 s ;i,2 0 2 © 5fc ft ffl » V>T# 



0 
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ttiEfflaW*^***^-^ Mpfdmd iff*, ccn- 
•f > T * * . 

Itl^tt=- mtotal/ mb * (XGf - XGs) • • • 5* h 8 

-t#*¥tt«»jE«ai«r*5*;Pftftfl:^-^ > hS^I Mpfdmd 
= Kp P * (*|jEffl«»^5*JP±#7k^« Xc- g*££fta) 
+ Kpv*«iEffl85S& ; E5*^±#:*5p®af dXc/dt 

— 5£ h i o 

±#*¥tti«iEJB*lt ^ftftfls^-^ > hMi Mpfdmd CD 
X# (tttt:#l*iNi) *toD*^**j&s*^teJ3:, « IE ffl 15 gfr ;P _t 
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±&7k¥4±W.ffijEmmm : E7*Jl$:Mik : Z:~ * > h^jg Mpfdmd O 

^m'mzmo r-j & r +J icft^s. 

WMfo. ^fc^m^A^li^UfeP CT/JP 0 3 /0 0 4 3 5 fcfB 

s^i§m#iiifg£g& 1 0 0 b ^m^/-r^»2p±#^^{ii#^ 5 7 © 
s 3 4 0 4 e>tife fe©) ^tsmM^^^^fc mm±fcm 

-tfcmmm&MffiiEmmm : E7 s )v 2 0 sctn^ut, p iri>s:t 4 

ein^±#:^#M^^«iEffl«ffii^^;i/2 0 3 \zttm&)izAti~r z> * 
^<vumm&±fa&mm%ftmiEmmm^)vmmm 207 

- b^Mm Mrfdmd iff^o ££T Tg^Mj _h 
#7K¥^gMlEffl^»f^E-x;i'^^^qE-^ > h^^fit Mpfdmd fcRIfll 

©ift*6T?*5. an is a* in*. enx^iE^nfe^-^ > h _h#§g 

ift^^M^^liiEffl^Sj^-x;^^^^^-^ y b^^Ufi Mrfdmd 
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5 =Kr P * miEmMm=E^)i±fommm&M e c 



10 fcfe*b> Krp, Krv — KAy ^ftHW©<5r--r >T?&5„ 



so?, H6 6 (Dmm^n v zm&m^T s 3 5 3 6 <Dmw&mm~?z> 

15 ±fatf> r<h < , HulBi^TK^^ffMiEffliSKj^^^ffJ^M'J 2 0 6 

&ntm Mpfdmd ^j?>ens, £fc> mm±fcmmm&nffiJEmmm 
^^^mmm2 o 7 hii) \z&^T±fcmmmMMffijEmmm : £ 
"Tfr^fcik^- * > vm^m. Mrfdmd ifiikt> t>n%o 
20 ±^7K^^LmWTEmmm : E^jv^^.^t : e- h M P f 

fcB) fit FO # FO ift!PB&2 0 8££D;&i£>6tl£o ^"T^^ \Z, ± 
fa7k¥tiLmmjEmmm : Ey'A 2 0 2 yjKri^S**-^ > b 

7k¥/&# Mfullxy Id, _h#:7K¥feSSlEffl^If| ; E5 :? ;i/^^^ ; e-^ > 
25 h Mpf *>nt£h<D-tfiX1l1snZ> 0 VTc&^T, FO fcfc* Jt^TK 2 ? 

&g*£lEJ8 jRlfr^-xJl' 2 0 2 id^^^^jl/^M^^-^ > h7K¥/&#\ 




+ Krv* ffiiEmmm*:7*)i±fcmmmmftmm. ae c /dt 



-5£ h i 1 
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Mfullxy OW^^K^^^fc $>(DfztfrfAtlZnfcM'&\Z±fc7k¥i±W: 

miEmmm^^fr 2 0 2 ^m^t^mRti^^^o 

5 F0=mb* d2Xc/dt2-l/h*Mpf -Shi 2 



£S£! 2gm, Htrmoi^TR^&gMiEfflMi*^^^^^^^-^ > 
10 h M P f iaoT, ±fc7k¥$LWffijEmmm : £?r)v 2 0 2 icits&wfcss 

T^fe^, JL#*3F&««riEfflj5» ; E5 i ;i'2 0 2 © M IhI <D_h#fl,&7jc 

15 TfiJo fctt £M C § ZL £ J; o T, Mpf ^ 0 7?a5 -p t^R^ b^iJ^- 

mmVX, -b^TK^feSMiEfflmifj^^;!/^^^^-^ > V Mpf £_h 
fle^ttBMlE/BSl&^^l/^Jtfc^E:--;* > h^^fit Mpfdmd fc — % 
20 SHr, ittfc^ttttAttlEfflaW^^USfcjeflS*-* > h Mrf 

ft^E— ^ y bfr^f&ft Mdmdxy t Mpf t Mrf £ <Z)^fB IC — gC £i± <h 
# Min # Min 2 0 9 fcj; D*»6tlS. 
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mmmmffijEmmmKti'E— * > bTk^j&fr Min ^cioT* 

5 Min= Mpfdmd + Mrfdmd + Mdnidxy hi 3 

?fct>t>* mmmmffijEmmmfcjj'E-- * > hzK¥/&# Min ± 

#2R¥&fiffiIEflmft^5*;P&Sfl5^— ;* > hgjfcffi Mpfdmd £_k& 
^^MM^MiEffliRKj^^^^^it:^-^ > h^^it Mrfdmd tffim 
10 ^M* ; E-^>h7K¥^^ Mdmdxy £ &UnW? £ Z. £. \~ <fc 0 # & tl 

&mmvx. ±^7K 3 f&mmjEmmw}'By £ )i^Mit :: e—^ > v M P f § 
15 ssi*, Jt&mmm&MffiiEmmm^^fr&feik*-* > h Mrf 

Jt#£gf&###:faIEffl«»^7*;V^flS > bg^fit Mrfdmd 

sP/fc^&fcHlt^rJfc^^ — ;* > h7fc¥/&# Mdmdxy £ Mpf <h Mrf t CD 
— ife 3* £<E5£b ^^i-§m^*7K¥^^ Fin ^ 

20 Fin m.Wffi 2 1 0 \Z «fc D 3&5£> ^tl^o CI 00 j^^ # S & «f IS l$*t 

iE@^J^K^7X¥^^ Fin iH^. 

zt<, ±^mmmmMmiEmmwj^^)V2 o 3 j;ot±^^ 

25 &fc>% Pr H0T^§„ Ifc^T, &<WKI#*t:E II 

Fin a, ±#7K¥&««:E/B&»^x;v&£'fb ; E-j* > h Mpf^ot 
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mmWj^'fJV^^.it'E— * > h Mpf £ 0 <Z>±fofr¥-tiLWffilEm&W} 
^T^SfcJtft^ — * > hS*I Mpfdmd £ Jg b £ £ o T JfflP 

o & % ± # 7jc 5p in: b mt ie m nm * =f ;v & ^ 4b ^ - * > h^^tt 

Mpfdmd <tfcl«fcoT^tat-sm£:fr ±#tK 

5 P^«*SjEffl^«J c ET';i'^^^ : e— * > b^^ffi Mpfdmd £_h#:M5t 
— F J^H# it 2phT?f!jo£: 
10 Ifc^T, &fHIKI$ffiiES«flc£;frzR¥Jifc# Fin Shi 

Mpfdmd £±#:3fc3i^ — F^S^Jit^h TrfiJo fefltfc, bu f B "7 
;i/ ^ 5 s Ffull _h#7K¥&*MIEffl 

Fin=l/h* Mpfdmd + Ffull +F0 -^hl 5 

SS^^-^ > b7K¥/&# Min £fc«IRftJllIEB«flcE*7fc¥J£# 
Fin cn5fcfc!IS&in*.fcttT?*S (liZMPt^DO) «H 

I&MlEBtRflcK**--;* > b7R¥j£# Mltd t^JPgffiiEe^m^^TK 5 ! 1 
Fltd tfifefc^ns. 3>7 , 7^7>XiHffl@ 
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Fltd fc-gfef 5. 
WKttjEBWflcS^^-'^ > h#¥j£# Mltd. IS MIES 

Fltd ttt, ffiiE&m {uyy'^-i T yxMWmgmfcfcJj'E 
— h ©*(DZMP^iiBZMP^§ifflrti:#ft 

5i5fcftgSns, T&:b*>, Mltd Fltd KZMP$!I5I#* 

10 ^>hM* Mpfdmd Id — ik£fcfefcjgV>ffil::&£cfc 5 tftg$n§. 

ffitzmiQ ±femmmm ft ffi iE mmm^^)\s&fe * > h^Mm 

Mrfdmd \z— m;%.Tc\$jB:^m.\z-fcZ> «fc 5 te:ife5t£ti&o £ftK:J:t)> fu 

f&H&^I* (©JPgMSSB) 2 1 ^fetd^ttlHA^ai^bifcP 
CT/JPO 3/0 0 4 3 5l:fBt$ntV^©t, £ CTticnKi 

©saw 

h Mrf jw-en^n M V fmwm 212, Mrf tag sb 2131a d^j6 <s 

Mpf=(Fltd-Ffull-F0)* h -^h2 0 

25 

Mrf = Mltd -Mpf-Mdmdxy -^h2 1 
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ffcfc'S, Mpf mWU2 1 2TB> »miSjES8tJfcKrt*¥j£# 
Fltd#»S, ^;V^^;i-m^*7K¥^^ Ffull Mp^OTfSbofe 

ffirflEi^TK^^BttiEffltSIft^x^^S^^-^ > b Mpf 

MrfiI^2 13Ttt, @ Z M P * t> X) <D ftH&*tIE @ I^K* 

^e-^ > b* 3 ?^^ Mitd fr%mm±fc* 5 f&mniEmmwj : E7 : )i<&fe 

fc^-^y b Mpf tffiM^mfcil'E-* > bTR 5 ^^ Mdmdxy ££M 
10 D^utiao, ±#g#*K#affiIEJB&S&^5*;V5fc^te ; e--;* > b 
Mrf n So 

*>b Mp, **^±fri8?#«l*ft*liEfflS£» ; E"5 i ;i'*R* ;: E-^ > b 

15 

Mp = Mpf-Mfull -S:h2 2 

Mr=Mrf — ^ h2 3 

•ttaiblS, Mp ISC BP 2 1 4\ZT, ±&7)<L¥®rmffiJEmMW} ; £7 £ )V& 

20 =e - * > b Mpf & 7 ;i/ ^ ^ ;i/ j& ^ ^ ^ - * > b * ¥ ^ # 

Mfullxy &«C5Ctfc«fcD, ±#:7k¥&gl§IEJjm») ;: & rrJl^S Ttf ^ 
b Mp ##6>ft£. ±#3gf&&&affi:Effl«»^"r;V'ffcK 

b Mrf — ©It$n§ 0 
25 i^TK^ftBISiEffl^l&^^^^S^^-^ > b Mp *^±# 
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5 ^ffi^ti^. 

&^Tr> 205, 2 0 4 CT, -en-^tl^a; h2 4 , ^ h2 5 

10 

«IES«S_h#7|c¥4fcJt 

-3t h24 

15 *£!E@il_t#:§£f&M£4« 

— 5$ h2 5 

> b^J^tbTf&mjI&jEafcJfcjR:*^-:* > b7K¥/&# Mltd ««tH 
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10 ^ftJPSItlEg^M;^-* > h7K¥^^ Mltd 

-5$ h2 6 

= mm.ffiiEBimmKi]7k^!&ft Fitd " 

15 -5£ h2 7 

S 3 5 3 6 II^^aitTOlilt *itHiACJ:5P CT/J 
P 0 3/0 0 4 3 5 ©I0TS5©T> £ £ T CD I£ l^te ^ ± lC W 3 „ 

20 M» 2 3 0 ^^T, iSaffiffilftigD^lWiEffiig-aft^x^ 2 3 1 ^<DA 

^e^;i/^E-^>h Ma ^#ffiW&D#*&jEffl&Si ; e'r;i'2 3 1 
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7 0) S 3 4 0 4 T3£#> £ftfc feCD) » * tt^Jltftl^T'^fc «k S B*58! 

tiLfamrnvn (@57©s34i ^n^^cD) (c, mies^s^ 
5 6 \z, m&mmmioftffiiEmMm : £^)V2 3 1 <Dwm\zmcx, pirn 

Wfc£<D7 4-\* A y ^ «f k: J: o T y j - H A y ^ £ ( jftf^fi) £ 

-^>Mttt Mafdmd tlf^„ ££T rg^fifj £ # & <Z> v -L 
^TK^P&fiSiEffiffiKf^E^;!/^^^^-^ > M53fc*§[ Mpfdmd <h|H)«l 
©IS)^6T!*5. «IB3&SftIit e.nT^iE^nfe^E — * > h Steffi 

mm^MmiEmmm : E^^^Mit : E—^>b Maf ^u^^o &*3s 

hMaHT, i£&*B)I&*gD A*t jEfflSS&^E^ ;i/ 2 3 1 iCAASnS. 

M&mmM k> nmiEmm.wj'e^jv^^.it^ — * > h^^ffi Mafdmd 

20 

?£&*@M*gD AffijEffl&S&^^l/^Jtrt;^ — * > b3?3fcffi Mafdmd 
= Kap* (»IEJH*J&*^;Pj£tefflIftfit) A 0ca 

25 + Kav*«:EfflmS&^;Wj&&ffiH^t>aM& d 0 ca/dt 

h3 0 
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2 12 

Kap, Kavtt7^-Hny^«»IiJ©^OTf*5. 

£lf\ -k|3©;?£<, SftiBjS*fi:fflJ»^?)^»iEffl8£» ; E5 s ;i/»IIM'J2 
30 a h30) fcOcoTMffiffilftfiD^llltjEfflSW^^Jl/ftje^* 
— * > hM^c^lt Mafdmd £>n&o 

io Ji#7K 5 P^«1iiEffli5«i ; e^;w 2 0 2 &m i^fcitezK^&B 

miE\zmmT%mKt)^~*>b§&mj$ftMmm m pz ±##.wsl-- 

15 

Mpz= (#*6^r^;W-h#:»^&M 

+ MiEfflM»I ; e5 s ;V±#:^« Xc-StZMP) 

+ »IEfflS»J ; E:^;V±#:Jnj£S d2Xc/dt2) 
20 - (IMtT^i^S^fei - liZMP) 

-5£ h3 1 
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2 13 

+ mjE%mm : E^)\/±.foyaMm d2Xc/dt2) 

-5£ h3 2 

5 

sEmmm^^Jl&fcit^ — * > hm&m Mafdmd t^\z, 

Mdmdz £ Maf £ Mfullz <h Mpz <h <ftm*n fc — ©c£ -frfc £4E 
Minz 2 3 0 c(CJ;D^56e>n§ 0 £ <D jEfcK 2> - ^ > h»HC 

rit^siieiisi^arjEasflcR*^-^ > Minz ti?^. 

15 IgB^Jj&iESSSjEfcS*^-;* > bmm&ft Minz «, ^ICioT*6& 
Minz = Mafdmd + Mdmdz + Mfullz + Mpz "-^hS 3 

fommmv fiwiEmmm^^fr&Mik^- bm$tm Mafdmd tm 
m±mKt>*:- bmm.i&ft Mdmdz t7^tfMs* ; t-^ y v 
Mfuiiz £±fcfc¥tiLmffiiEmmm : e : T)\'*:~* > b®tw.j& 
^m P z £&mn*r5d£te«fcD#&n*. 

25 #C^T, IW.IS#© (ft!llK*&3fS> 2 3 0 diaoT, $S $9 fi& Nf *$ IE @ 
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2 14 

(ittlZMP^frO©) M®itijEBmmRjJ : £-*>hmiM.f£fr Mltdz 

bmmfcftfe. iwHiajEawflcjEA*-^ > h»ia^^ Mitaz 

5 ttRBWlEBat^K**--* > bttiSj&# Mltdz i8cR^*-;*> 
" b»aj£#W : *l6Hl'3K:&SJ:3K:ft5e$n5. -Tftfr^, Mltdz \zm 

10 0 AfflliEfflfilS&^E^^Sfit^^ — ^ > h^^tm Mafdmd fc— 

ill^S (§!lPgMaS!5) 2 3 0 d«, ^^^^TISfn#fe £3t o W 

15 

Minz>^R^*-^ > hfi&li:^^« : *«£ia±ISfi , T?&S»^ 

Mitdz=ms* ; E-^ > h mmf&fr^&m.mTmm 

Mltdz =Minz 

5£ h3 4 

h Ma (^mit^mm^o nmiEmmm^y'^^^t^- ^ > b Maf) a* 
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Ma=Mltdz-(Mdmdz + Mfullz + Mpz) -3th 3 5 

5 V 1ZK)%, Maf mW-ffl* 2 3 0 eT(t ffl MffilE S U Jfe K ti ^ - > > 
h^tt^ Mltdz ^ £>, fc&flt^Jfclx;^-;* > Mdmdz i7 

^^T^I/jfcK*^-^ > h$&It/&# Mfullz £±.#7K 5 lM£«lfijEffl35»J 

^^)^E—^>bmmm^ m pz t^iD^^ic^oT, M&taji&is 
o MmiEmmm^^ji^^it'E-^ > h Maf ^ux^^^+BMigo^i 
io miEmmm : E^)i' : E- * > b Ma ^#&n£o 

— hzmp d ©3 >y^-f yyxmmm mmmfctj*-* 

^h3 5l;f^I, SiZ MP D ©tiEStftK^ 

20 • =mmniEmmmKti : E- * > b&mmft Mitdz 

-5£ h3 6 

3 0 ©ms^ff t>ntz'&, mmummKf nmiEmmwj^'fji'e- ^ > b 

25 Ma (t El 6 6 ©i£&*BMJi «9 ^ iE ffl ^ ^ ;P 2 3 1 £ tU ^(2 
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igggp 2 3 2 \ZX, h3 7 (C^oT, tt jE S ft %tt 4B jR 

5 m*$n^> 0 

10 h37 



15 _L © £~ £ < , S 3 5 3 6 (D#tSiE^ff t»n§o 

< 5£ h5 , aS: h 6 33 £#55; hi 0 0 6 £iftJ£T5«J;3 fc3*S£*SlEb-C 
20 l*^¥t^ff§iSt?»o 

msi ; E^;i/2 o 3 izMQLmmmQftmiEmmm*?')!' 2 3 1 t o^sii, 

25 j&) ±#3g».*S«*fcttIEJB&Sb ; E5 s ;i'2 0 3 <£> 7 ^ * 
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2 17 

^•m^^m^iz^n^^m.^t^y"^ 200 ovtrnm**. ±#>ic¥te«*t 
lEmmm^T )v 2 0 2 <d ±.wwm t ±fammmm&w jEmmm*'? )\> 2 
0 3 tm&mmm d MWisEmmm^^A 231 t(D^^*^sp^.fe *><d 

5 tCl^IE^n^o $e>Kl> #gi€fJl/2 0 2, 2 0 3, 2 3 

teMft^n^ (M^u±fc7k¥&mffi3Em&Wj : e^)\' 202 

0 3 (D^^^^-;KD|Hfe^|^, ?t&tajgiJgD^«iEffl^«J^^;i'2 3 

1 <DV ^-f ^-;KZ)|hI^^^ o \z U ir y h £n&) 0 ^IT, JtlHO^P 

io < ^lELfc^ifc-ffc^^v 2 o o (D^mm^'Ami^m-owmm t- it, # 

©^^©^J&^T&^n^ t#i\Z, ^mWi^z'Tfr 2 0 2 , 2 0 3, 2 3 

e c & ^nmAEmmm : Ey £ )vm^Lmmm oca ow-m^n & 

:btl£o ^tlKld; D #^*} ; E^;i/ 2 0 2 , 2 0 3, 2 3 1 ©il0^ 
15 £ i;^-e^-g) 0 ±|BO<fc 5 ^^M'fb^B-x^ 2 

JtfBcD J; -5 temMfc^E^l/ 2 0 0 ©t^^acD^jE^^tt^^^© U ± v 

Sfe, ±13© £ 5 te^M^rr^ 2 0 0 <£>tKH*<£>#^IEte, 

20 ^ 4 , 5 nMmm\z&^T%mM\zftt£t>nz>o 

?£z>\z, m, 2 mmmm<D^mm^:\zmx, mmuT^^w^m^^^. 

25 \z. H|£|§tttW^fe^t)0tt5^t^tf§ o 
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2 18 

12~|gl5fgBJ, |20~^22ii, W.2 4-^2 6^BJ, f& 2 8 
ZmELJ]*:-* y h#&ifi/&# (Mdmdz ^^ilPbfc^S^^-^ > 
5 mm^U^y h 1 (DVtmmfD^M, Mdmdz ^if ^K*^- / > h 

Ji^T^c icfc, If! 3 ^B^iuc:mt£^£$;/S (^i^^HtiE 

Sj©^PRf £n£S 3 5 3 6 T^IEbfe^O^a^Mlft© 

H§L, ttlEffiSSS^^igteffilftJgB A 0ca #f& 2 f£ 0J3 ic & # ^ g«t 
15 51i&(Z>^PNFffiO^IE«i:, IfS 2 2 5S BJ IC *5 § @ ^3SIfr ©MIEM t 

— * > h^lt^^ Minz 3&*fg 2 6 fgl^c43tt£M^ii*<£*&^te£, 
^&^I^MD^MlEffl ; E^;l'^^'fb ; &->>>b Mafdmd #Jg 3 5891 K 

B^^-;* > h#&ifi/&# Mfuiiz fc±#*¥*fc«»lEfc:jgB*r*JfcRrt 
> M&ifij&# Mpz &JpAfc*>©««, B*51»©<S»I^Kfc^^ 

iC^^-l-^o fUT, CtlC0 7 0 ®^ffLg&2 3 0 c 1? Mdmdz SrUtlTt 

mmmsmmmmz^^x^t, Mafdmd feM^wt o t&s *> 
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2 19 



t5 0 H4*Jg^mc«SSil©*|iE^S«, ittrfBJi 3 I^M^Ii 
£#^£/&^S 1 0 0 <Dmm (06 50S 3 5 3 6 ©il) ©**«ffljfe 

O^D— — b©S 3 5 3 6 ©^^©^jE^^SKWf* StRffll^D .y 
^0Tf$S. frTcV, 07 1O#«|ft ; ET^2OO», ftjsBfg 3 ^JSJ£ 
fB£H3 8L i^UC Ifr * ^ ^ ; V T & < , H65©S3510*6S3 

3 5 3 6 0lifcffilt5. &43, H7 1 fg 3 

£%?g&K:ffi«Bi 6 6 1 m— <Dmmft\z-i^x\z, me 6 tm— <o^m 

20 S 3 5 3 6 ©®a^^V©*8^tt|g3^J6^Jii: , NDT*SO , TfS£W* 
#B&b, &Tfc® 71tffl^TS 3 5 3 6 ©BI^M lC§&IBT£ , 
S 3 5 3 6 TS, frfi£© CTt < I65©S 3 5 3 2 

25 mvtcmiEmmW) : £ : T)i'±fc7kst&m x c £^1^2 o 5 k £ d jbn s 
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2 2 0 

s66n§o &f£. 06 5 0S 3 5 3 2 WfeMft ; Ef^Sfi)l« 
6> c 2 0 4 £ J; ODD 3.3 £ £££ D » &*SWfcS 

6 5 co s 3 5 3 2 T^^tcmm.it'E^ )v^mo) umm^Lnmm^o m om 
mm (m&mm t <DfflwmM~r?$iibfcummm.) t-, Mimar^M^ (Bt 

it-At) T?nmisft&&T&tiJEm&Wi*7)Vm&ttmMQft Ova- 
te 2 3 2tCctDin^^^i:fcJ;D, «Jfc B ^i£&4B#e^ 0 ft 

15 7K^*fc«iE@«ji#^»^«*ft £ttJEmmm&&mm*) & 

mm, mmmmmf££<Dwm^wt(DmmmtBmzM? ommmtz, 
mmmwiti^y )v : £'t)v 2 0 1 i:a*u, JE-ox*snfciii3Eis:Tg 
$ti*3i»K:«?)'&'5 cr^^^^fttc^^T^^^^^^ 2 0 1 -mm 

;w*5*;W2 0 net*. mttfb^^vJtttTK^tt:*, ±#g?#0i#ft* 5£ 
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2 2 1 

W}*7 i )i±fcmmm&M 9 C tmiEmmm^y'^M&nmm^M oca t 
^mnmizxij £*i£ 0 urn. m 3 mmmmtmm. )i=ey*A 2 0 

^l/^E^^;*^ — J* > h7k¥/&# Mfullxy, 7Jl' ; Ef;VM* ; E- 
> h^it^^ Mfullz LW&o 

7 fr^ffrfiiKtlTk^f&ft Ffull fciU MlE@SmR*7jc5p^^ C§i# 

10 § o 

MiE@^j^^^7jc¥^^ = 7;i/ ; E^;i'"ms7j7ic 5 P^^ Ffuii 

15 — h4 8 



25 #¥J5fc#T&S. 
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2 2 2 

7 ? )V & ft Ffull 

+ ±&7k¥&Wffi&mMW)^^)l'mKf3* : ¥J8.ft f p 

-5£ h 5 1 

5 

^^t, ±#zfc¥ttMlEfflSE»*5 s ;i'*lff*!J 2 0 6 K:«fc 
^F&SISiEfflfiEaj^T 5 ^^^^^-^ > Mpfdmd #s&/££n 

#®2 001-13362 i ^-e*mmmA&mmvrzta < . ts^sn 
io ^©j;^ fcttfNff&d 2 o 6 wisns. 

Ji^Jc^&MMEflmi&^^^ft^:--^ > hl*tt Mpfdmd 
= Kpg* fi^H + Kvg* MiEffl^Wl ; e^;i/±#7K 5 F-^^ dXc/dt 

h5 2 

m if> s = 7 ; v *t ) v s & ?k ¥ & s - # M ft ^ f )v a ^ tk & © 

•••^ 1x5 3 

5fc 1x5 2 . fC^ltS Kpg, Kvg H A y # Mflf M'J © ^ -f 0 > 

^^;w±^7jc¥^B^ dxc/dt ^nfn, (imj t - a t ) 

25 ^;W±#7K¥Mm dXc/dt 
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2 2 3 

5 ^<AT, _h#:^^f«^^1iiEfflffi«i^:^;i/$)J^MiJ 2 0 7 fcJ: 0 , _t#: 
^^MlEfflffiRj^E^;!/^^^^-^ > h^fjt Mrfdmd ^&^£n£o 
dtlfet, |g 3 ^MP^tfWjao$!|^IiJ^ffil/itX^^^ 0 tot, M$i!#P 
! 2 0 7 tLTIi, 0!I ^tufaS: hi l^l^6tl§. 

^MPSBtMiES^mS**-^ > h Min ^ Min ^^gU 2 0 

h Min fct, 31 3 UljfWjlilWItt, (Z MP <CW 

mit^-^y b M P f &±fc7k¥&mffiiEmmm : E^)\'%:fefc : £- * > 

hS3c« Mpfdmd fc — _h#:^^{H#I-^^IEfflS«j^^ 
15 ;P^^{b^E-^>h Mrf -h^^^M^^WlEffl^lj^^^^^^ 
^"POh^^tt Mrfdmd fc— iSc$i±^> t ^ {C, @|ZMPJt?f)(0 

a^m^^^e-^ y b t vxou y^^-i ryxmrnm Bmm^ti^— 

* y h7K^j£#£*${f ^jfc^E-;* > h 7 K¥J&# Mdmdxy t Mpf £ 
Mrf £ ©!l?nfc-gfc£ it @|ZMPSfcD 

tufas; hi 3 ©MiiCctoTt^&n^. -r&frts, M'JI®b# 

ffilEBMmKt}^-* y bi&^faft Min ^ _h#: 7 K¥#:M^iEffl^»i 
^5^S£^bE~>> h^jg Mpfdmd i:±#:^#ffi#^«IEffl«» 
25 ^E^;i/^^^E-p<> h^jtt Mrfdmd <h WiM ±mK tf ;* > h 7jC 
Mdmdxy t Sin Iff 5 d £ «k D#5n5. 
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2 2 4 

£ £> \Z. Fin 2 1 0 Id cfc D , «JPgP#tiIE B 411 i£ £ # 7jc ¥ # 

Fin fc*a66n£ (m^$n^>)o ^^jpiPtiiiE @^mJK*7K¥^^ 
Fin n 3 mMmf&tmm, mmmm (zmp m®$k®r&&'&fcBit) 

5 ^-^>h M P f %±fc7k¥&mffimmmm : £7 s )i$:Mfc : £'-'*> hm 

3&*t Mpfdmd fc — Jtfrgg^ffi^^WljEfflSfl&^^^Sfc 
^fb^:-^>h Mrf i:#§£f&*g&£:|$IEJB&S&^;!/&£fc : &-- 
^>hl^l Mrfdmd l£ — 3 > ^ 5 -f 7 > X U » ffl 

ift^K**-^ >h7K¥;&#£1««^l£>K#^-*>h7K¥J&# 
10 Mdmdxy t Mpf t Mrf t©8filfc-SStfctLfc#^lC, jg?;]/^ 
5^1/2 0 1^4f§^K*7jcf^^ (Ffull fc*H MS) tt&s. 

mmmmmjEmmmKti^^^ Fin m3§M^si£&m£i:D, 

15 «mB#»IES^]£M#7K^s5c# Fin 
= ^;l^^E^;i/^M^7j<2p^^ Ffull 
+ l/h 

* (±&7k^&wffiiEmmm : z:7')\'$:mfc : £~- * > h^&m. Mpfdmd 
- ±fc7k¥$LWffiiEmmW} : £7 s fr&fefc^- * > v M P f) 

20 -Sh5 4 

mm (mm t-At?oi) #/bv> sns. t&m, 

lEffl-KS&^T^&Jtft;^-;* > hSsfcIS Mpfdmd tittzK^lfcSJftiE 
ffi&» ; E? i ;i/&5£/ffc ; E-;* > b Mpf ©i§f*, ±-ffc7K 5 lM£tt*iiIE/B 

KJ]7k¥J$ft Ffull cpltiQ*^, MfBH^&^ii^- FJE£R#J«h 
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2 2 5 

Ffull £iP*.£ d £fcl«k D , «HWRBI**tiES«mS**¥^^ Fin #J£ 

S3 ^Jg^ti tHI©MI?g (fWBt&fflSB 2 11) {Ccko 
5 T> ^IHIRlSlltiEBSIflcR*^ — * > h7R¥J&# Min £«iJPgl»t*ftiE 
@^m>K#7j<¥J&# Fin huIB^I^ (ZMPaHtMJ;^ 

(llZMPffcDO) MPMffiiEg^mS^^-^ > hTK^p^^ 
Mltd ^fm^IEgSimSr^Jt^Efc^ Fltd ttf&:m?£nZ> 0 £ ©jffll^ 

io m 3 mmmntm— 

hTk^&fttemwLffijEBmmBLt!^— * > b7K^F^^ Mitd \z— sc$n> 

15 # Mltd ifiJISffijES^J^M^TK^^^ F itd 

20 ;^?£ft;^-^>h Mpf ^t^^n^o $ e. fc'PiiBfca, mmies 

^J^^7^7jc¥^^ Fltd 6 ^^^^^^M^TK^p^^ Ffull $iCfc 
Itfcy-f > Kc SSCfct»0*M2 15a fCT^^b, $ 6 fc#e> 

^PfiUfflriEfflSKf^x;!/*^^*-^ > h Mpf Tfcfc) 

M P f^f#e»n^>o 
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2 2 6 

Mpf=h* $ Kc(Fltd-Ffull)dt h5 5 

Mrf 2 1 4 fc«fcoT, M PSIiiE @ «0cK * : E- ;* > h 

5 7K¥/&# Mltd ^ e»±#7K 5 F&«1f sEmMm : E ; T)l>&fe<k : E- * > h 
Mpf tliM^mM*^-^ > h7K¥^^ Mdmdxy t^MC^ HiCJ; 

±&mmmuMffisEmMm*:^)i&mik : £- * > h Mrf a*#«>e> 

^SfeJfefc^ — ^ > h Mrf e»n^. 

io $e>tc> Buta^: h2 3 \z «t d , ±#:§giHii§^MiEJiSWi^;i'jm^ 

^^E-^>h Mr^t^tl§o -T^^-fe> MrfitH£g&2 140ffi*t 

15 7JKfJVSKA ; e-/ > Mi Merr ifi 

Merr^^§P2 1 6iC^D^tB$n^> 0 

7 )l : £^)VmBi7J : E~- * > MHi Merr 

= y )V : £? s )VWiKil : E~- * > h7K¥J^^ Mfullxy 
20 -0J|5S»jE@MmM^^-^ > hTK^p^^ Mltd 

•••5£ h5 6 

fflgitrJUR^^-^^ h M P sn&o 

25 

Mp=Mpf- S Km*Merr dt -Sh5 7 
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2 2 7 

f yJl^^rJlifcfcl)^-* > hmm Merr \Z.Wift>f^ > Km 

ffl^Sj^E-x^^H^^E-^ > h Mp 

10 S/c, IM^ffiM^tiEfflSltf JV^S^^-^ > h Mr ^±ft 
sgfHWM^fc&IEJfmifr^:^;!/ 2 0 3 CA^Jl.T, A^^tlfe^^^" 

S 3 5 3 6 fc^H§^±^T©ia'K, PCT/JP 0 3/0 0 4 3 
Ma 

&miEmmm*Ey s )l'&l£{£*E-*>h9Tltm Mafdmd dift^^ns. 
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2 2 8 

una, m 3 mMmmtmmoufflm&m^nit&^o tot, mmw 

&1>T V tg^gP 2 3 0 giC^UT, 7 JV^E^JVmKiJ'E- * > b t&It 
Efe# Mfullz ^j^^-.* > Mdmdz t ffl 1ft & 

5 D ^ffiiEffl^l&^^^^jtft:^ — >t > hltl Mafdmd 

(omfj) siD^ z£\z&^xmmmmffiiEWimRiKJ3 : £~ bmm 

J&ft Minz #a>T, 0JK#^ (fWI£#LSgB) 2 3 0 hfc*U- 

hmmmfr Mitdz £^g>§ 0 #c^t, yji/tf^s^^-^^hi 

ttJ&rfr Mfullz t*HK ^^.RtJ'B — ^ > hmm&fr Mdmdz titffiK 
MVftffiJEmgiWj^^fr&Mfc*-* > KS^ffl Mafdmd 

15 PSut^iiEsai^M^-* > h»*j£# Mitdz a> 

2 3 0 illiD, mftf-i > Ka TSt#*r £ 52 £ K £ 0 ltt*B»fi!)» 

3 0££;V>T> mtiLffimMQffiJEmmWj : £?)l' : £-* > b Ma >y° 
)V*-*> b Ma «, MM!© < ^m$!|^I^^ (Bt^iJ t + A t ) £33 
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2 2 9 

'^_hi^B^Lfeii4^jg^^«, *mw<D 5 % i ~fg i o fggg, j§ 

5 12~15fgB^ 12 0~I2 2^i, 4SJ;IK^2 4~fg3 OfgBJO^i 

hmmj&ft (Mdmdz ^#in bfem^^^e — > h^itt^^) a* sunn sa- 
fes* ±fcB~Mm^&£z$/&tzfej2fcB~ftm&mm&utfy h 1 
(D^kmmomm, Mdmdz ^liSK^^e-^^MciB^t^o mtc. 

em^s 353 6 -emiEvtc ibo&mmwwKDmmmizMjfcT&o 
mm^^ji^-* > hMa^m 3 mw\z&tf & jvmiEmBijj * 

>hill 0 Bfl (C & # £ ^ - > b^iE^^»<h, fH 2 2 f§ BJfc 43 

2 fgBj§& &z$m 1 1 ^bj(c43^^ a^a«j<D^^^{iio^iE«t, 
20 H2 2 ^Bj}-^^^> s^5i»;©SiE*t^^^-r^o i4ii 
e^k*****, iiMPi^MiEs^ms^^-^ > biant^ Minz &m 

SfcJfetf;^-;* > h53fcH[ Mafdmd 3 & BJ 43 & * X *F& IE J0c M 

Mfullz @^^®l©^PBf ttfc^;i/^E^;^ ±T« 
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2 3 0 

7 2 <D 2 3 0 gt Mdmdz £ in & 0 2 0 & & ^ 

Bj!©ftl<> § ^ilffij ©ffijES (WiEfflfiSi&^^^jfiteffiWfiOft 0ca) 

10 

■temmoiWr 5 i»i§i7 3 *5cktfi3 7 4 §#ibt^it 

15 Z> a 

.lO^^OIIS^^^^^ 2 2 2 H i^TK^fea^^^^E-^ > b5?^ 
20 m. Mpfdmd, i^il^^SItt-^ > h^ffi Mrfdmd> Steffi 
Mlg^ ^^^ib^e-^ > h^^te Mafdmd, IIZMP, Umm&f3$& 
lift^^M^^E-^ > h7jc^^.^ Mdmdxy & <£ XS *§ <U ± l£ £L 

> h$m/&# Mdmdz t, Bm&¥fommm&&z£mmmgm 

25 a^±#7K^^S> @^±#:^#{«#l-^> @$fj£ft*II«D^ BUZ 
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2 3 1 

10 0 aT^^$tl^#^A°^^-^^*^, gtlSIBf 10 0 

5 b$CiD4^$tl§c 

-hfB31^Jl|f!:7 JV^^V 2 2 2 te, JI#:#jfcteEI 7 4 £>Hig y 57 0 
0 7 4 ©tiTi o fcS^^HEII 7;^t^ 2 2 2 
TZ> a ^©atg^n >y ^Bl-eMfB^4^J£^^©BI 7 1 ^ 

b^^^^o^t^, 0 7 i £m— <Dmm&^$:m^T^z>o 

?£ < ^ f&3£<E>0 65©S3 5 10^S»S3532 ©IQI, *r^*?"fe^*fi 
^^^;V^^PPtffi©#m (ifejg) jffll^Ito £fe> S 3 5 3 2 

*>h Mr (Cffi^T^#Mfb^^±#^#M#l-^aiEffl ; &-^ > h Mr 

20 fc^7 i ;p±#:zK¥&«*tiEffl ; E~j* > h Mp (iisi) £§§3=-r3-t# 

25 B#fit^1iiE-r^ 0 

«fc t) A#Wfc«iit5t, **Iiifc:^Jj-5BI6 5CS 3 5 3 2 0 
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2 3 2 

MSfC&^Tte, ^r<DD"f)V — ^>mmnh^m 57®S3414iS 
3 4 1 6t*V^T, ^iflltfJI' 2 0 0 T*86fc±#:7K 5 PJP3fiS fc, ft 

tesso 3 y (D^mm2m^ m p (taunt) T&fr^ 

Mp = mb* (Zb - Zzmp) * (d2Xb/dt2) £^5^lcS^T2fcid£>n3± 
5 #^7jc5|iJJ0^S(d2Xb/dt2)^mi!j^i: bT;&n&Tfc:5±#2R¥ftljt]g&^ 

4tc*5ViX. mMte^rr;!^ o 0 7?Jktbtc±fcmm@MMlMmmiz, m 

m^O 3y ©*ai7«^ Mr (huEIM) b V> £ b fe^, ffc^* 

10 Mr= J* d2 9 by/dt2 £ 5 5$ \Z&~3 K T5}t &£> *l S l^^ilf^ 2JP 
<d20by/dt2) Sll^i b TiP ^.X 7i ^> ±#:^#MM^ Jn5££ 

&^®#^o?o^^e.^tef#^j t £x 2 mmft-tz z. tfc«k o * 

3 4 1 4t£:fcV>T\ ¥M : &tJI'2 0 0 fcM^L^MM V MlMiMlS. 

15 tC, bOIB^O 3z (D^fSJil 8 JH£ Ma (Mlsllfi) fcil^tLfc^, ~? ■ 
t£t>%, Ma= Jaz* d2 0 az/dt2 £ V> 5 ^ £S^^T^& S n £ i£&*S 
JBfe$gi9 ^iPJSS (d2 0 az/dt2)£Slifr#i bTjP^LT»:*3S!ffi*B)Wl« 0 

M7 4 fcfc^T, mm^^rJV 2 0 0 S 3 5 3 6 

mizffimTzmm&mnTzmft-e&z* &ticB7 4%m^xs s 5 
25 3 6 <D$im&mM\zmm~r2>o 

S 3 5 3 6Ttt, *?\ S 3 0 3 2 ^T±fB£>#P < mffl.it^'rJl' 
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2 3 3 

±# ie/b^e-;* > v Mp mv < \$mn ( t - a t ) <omm 

mm t *v(D±&fc¥&m(Dm%i:W)teBmmmm) tvxm 

5 (mv<femn (t-At) (Dmmmmxommm) &&\zmiE-znrc 
¥-m4k^^)i±femmm®-M&&m±fommmmft mm t xo±^m 

jiM&mmMvfiffi&mmw] : £ : r)i' : E-* > v Ma (mv<umm (t 
-At) <Dmfflmm~c<DM®m) zmiz^jEZfttc^Mfc^^jiMfom 
io fl^igD^^g^ii&^iBM^D^ mm t T*<Dm&mmMyM<Dmm#)fc 
mmmmm) iivxtati^n^. 

~$~f£-£>t>. S hi 0 0, ihl 0 1, S hi 0 2fcit), MH&ffl'fc. @ 
15 SMJi#:7jc^feg = mM'fti^^;i/-h#:7jc5p^K 



-j£ h 1 0 0 

-53; hi o i 

hi 0 2 
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2 3 4 

FfulK 7JKjJ^S*t-^ > h7K¥^^ Mfullxy, #E K # ^ - ;* 
5 > h#&ttj&# Mfullz i:P¥^ 0 

m4mmmmtmm, y)v^^)vmKti^m^ Ffuii bwace: 

15 ffl^E-^ > h Mr (hmM^^e^^-b^TK^F&SffilEffl^-^ > h Mp £ 

mmfc^^ ji-m&mmmr) MffiiEm^- * > b Ma z^-vu, 

Mr t-kfayksfftLmmjEmmm^^ji^- * > b m p ^i^&taii&sgD^ 
nsEmmm^ : r)v^:- ^ > b Ma ^^i-sM^pg-^Ms^ifefT 

20 $n&„ -T^to^> Min?H|p:g&2 0 9 , Fin Wk^ffl 2 1 0 , Hi!lPSM3§S 

'211 (mm^m). M P f ^#^2 1 5, M err mu^2 1 6, Mrf m 

1 7 (=Mr ^#gB)> Mp &W-1&2 1 4 ©^il te, ^ 4 HlM^M 
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2 3 5 



mm-ete. Mr, Mp*3«fctfMa«, ^tl^nH 4 HlfiC £3 tfr § ±# 

Ma h<D-e&%>&, m4mMmm<D&? izmm^ 

£o £©&8£k Mr. Mp & Ma <Z)^i$*^lf ITU, fillip 

h Mr £mmt : E5 £ )l±fc7k5pfcmffilEm : E-- * > b Mp t^Ittf 
15 m4*Jg^^<h|wl-Tfe^c 



PiTl:> IMiffii^SSftt-^^Mtl Mrfdmd £_h#7K 
¥tt^S^ ; E-^> h^tl Mpfdmd <hi£&*IMiSD£i^^b^ — 
^ > bgsfcfit Mafdmd «h ©fttlSlC^ ^Ti 7 3 ^#ILTlS^t 

20 m 7 3 ic^tj; -5 \z, ^mmmm-^it. mmvr^^o\zmmimy^^ 

2 2 2 IzmX&mmfc^^Jl 2 0 0 ^^glJCD^M'fb^x;!/ 2 2 3 £ 
«;LTV>£o Z.O^m^'Ey"^ 2 2 3 *^Jg^^T©^-(Datg«> 

Mi^bfe^M'fb ; e^;v 20 0 <tiwi— Tab D , JlUclfr^^^i^ttTte 

< , fuK&CDlII 65.©S3510*5S 3 5 3 2 ©Mffi, f fc> £ # M -fts 
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5 3 2 <Dl&m<D±T&frfe5 fcW&fe^o 
UT\ZWl7 3Sffl^T*iWlCfein Mpfdmd Mrfdmd 

tmmmmmmij^y )v 2 2 2 &«v>Tfira&©3i 9 jimsns^ 
^tieo^cjt&UT, cn^oi^o KuKJjcr & £ -5 cp 1 DftH©7 

10 >r - HA y # f&Hdf m\z <fc o T±#tK 5 F^«^^^ ; E — ;* > F^#*t 
Mpfdmd, Ji^^^ffiM^^^^^-^ > FS:£fi Mrfdmd 43«ttm4fc 
^SJ^m D fc^jtfc^E — ;* > F^3fcfi Mafdmd 5&*ftjESnS. Tftfr^, 
flfifttTJl' 2 2 3 C <fcS±#7fc¥4k«£& J IH0:7JI' ; &'7 i ;P 2 2 2 IC «fc 

15 5 F4£«3fcJ£'ffc;S!fl!IiJ 2 2 6 t J:oT, Mpfdmd ^^^6.n^>o £ fc, 
fif^f^2 2 3 C«t^±#:^^M^I-^i:M^JIS>'> ; e^;i/ 2 2 2 

«fc & ±ft&mm&M t <om \zj& i;x , ? - f a ^ * j?j a> & & s ± 

*t&j£rt; SI *PM«J 2 2 7 C £o T, Mrfdmd BtlS. * 

fe> #M<b ; E^;i/ 2 2 3 fc^S^tefflJKfgOatSl^m^V^;^ 2 

T, CCDfcJtSnfc Mpfdmd, Mrfdmd Rtf Mafdmd ^\ tufB^^M 
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Mrfdmd, _h^7]c5p^g^^>fb^-^ > h^^fi Mpfdmd & cfctfigteffl 
WJgD^Jtffc^-;* > hS&IS Mafdmd 51l(l7Jl' : EfJk2 2 2 

10 O^i^A^T £ "5 fC Mrfdmd> Mpfdmd & £ tK Mafdmd £ ^ 

Mfc^E^ 2 2 3 K:A#T & J; 3 \z bTfe J; < , ^ifttr 
;W 2 2 3 izm.mW,y )Ve^)V 2 2 2 ^ tz:^@B • #t|^t§J;5}cLT^j: 
V> 0 > h^it^^ Mdmdz &filb ; ET^2 

2 3 fcA^j £o Mdmdz #MtiinWtCfg £-r £ 5 ^#M^^E^;l/M 

15 ttIi^^^t5i5l:lT^J;^ 0 

*>hmmj&fr (Mdmdz ^#snbfems*^E-^ > hmmmft) &m 

20 M©^liOlf , Mdmdz > h \Zffi^?Z>o m 

-^>h^i^^fitB [Mzmin.Mzmax] $!l PS 2* # * © fF^ IS H (C 

*B^-r& 0 *fc, ^mfc^^)Vi&monmj&fti$®mmmowLmmmz 
ttfoh, 5 3 6 T?mmLtzh<DfiiBmmW}<Dmmm\z$im*r 

25 &o££>&C, S 3 5 2 8 T^$tl§1-@MA7^-^}:j:Dt*§ 
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2 3 8 

ftlg 1 2 (D#M'fb: ; ET';i/, S7 4^)f7Kfil/> 0 7 sofift^ 
^itS^E-^^h Mafdmd 4 4 mW\Z%itf %>fcfrtl ^- * > h<Dm 

fcmt. M4 7 mm^&n&mKti^- * > hffiiEnv^&mizmm 
^MiEffl^-^ > h&5tg&2 3 o) \zmmm\z\ti-£ftz> 0 



-ft-h©S 3 5 3 6 ©^§CD#EjE#^&KW*TS«ilB^n y ^HT? 

15 &fe v B7 5?tt, m 3 mmmm% v < um4 mmmmhm— m 

JV2 3 1t$i^.§ 0 3^©^ie^2 2 0, 2 2 1, 2 4 1 Si 

20 ;l&o 

^2 2 0, 2 2 1, 2 4 1 &tlt§t, ^ftlfe, U*2tti 
© fcH 3*7 £ ft 5£ b K 2 o © ffi ^3 ©*Q ^ A Jl \Z — 3ft * 6 « — 3ft*T S «fc 

^ian2 2 o Kite, iwisiijEaams*^-^ > Mitdxy 
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2 3 9 

jK^^^E— * > h7K¥/&# Mdmdxy £ ^MUfc^O (Mr 8*3*61$ 2 14 

orntj) •v$>z>±femmmm&ffiiEm : £-* > y Mr *tx**n, ±<* 

ttlEffliKSi*"^ 2 0 3 KA*TS±#»»«#A»iEffi5E 
5 WtT^AA Mri ^M-ffc^e^;!/ 2 0 0 fcA^T £ ^Mfb^E 7^1^ 
#»»ffi»^i»iEffl ; E-^> h Mrs £fc#i3£n5. ±#§S 
^ffi^-^IEfflgfKj^^I/A^ Mri tf^^T^lMtS^i 
lEJB^ — ;*>b Mrs tOfP^i^^^M^^lffiiE^^— * > h Mr £ 

— wc~r%£5\z, ±&mw&MMi&jEmnm : £7 : )i'Xj] Mri 

10 ; E?*)V±fcmm@MftffilEm : Z: — * > b Mrs ft S ( ft # £ 

ft£)o 

^^^MM^^JEffl^Kr^r^^A^ Mri #ifej£3ft£. 09>Lfc£, ±# 

^^IS#iffijEffl ; e-^>h Mr ^^gf'#tt, fcs^fcijs 

15 ttttt^^oi^MISIbT, Ji^lgi^^MlEJEMSj^T^A 
tl Mri J&S£k5£$ft£ 0 ^fc, ±#:§£i£M$-lt*FiIE/B ; E-^ > h Mr ^ 
&±#&f&£#ra*&IEJBSEI& ; &'5 i ;i'A:*J Mri &IS I, 31 m 

mit=Ey £ )v±^mmm-MmiEm : e-^>b Mrs tvxikfe%nz> 0 

20 A* (i^sg^M^ffijEffl^E-* > h Mr=Mltd-Mpf- Mdmdxy) 

±fommmmMtiUEm*:~-* > b Mrs tuxm*^^^ ^oa 

* (i^^iW^MlEffl^-;* > h Mr) *6 Mrs U 31 V> &J&# 
^:-^>b Mrs tILTft *W Tc^T & * , ±f2n~/\° 
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2 4 0 

#@2£§2 2 0 CDlH* , r*S±#«#«l*A*tiEffl«» ; Ex;l/X* Mri 

6/ c *»ft)tsns. 

WIEJI^E — *>h Mrs ftflifif^f^ 2 0 OCAA^nS, Z\ftfe, 
10 ^SliSlEffl^ — * > h Mr Smtt-fc^E^Jl/ 2 0 0 tCA#T£ 21 £fc*IST 

frm§&2 2 i ic*v>Tia, yjv^^jimKti^-^ > vy^m^nm 

Merr fc$*-f > Km £ £ C TcHM. 2 17a \Z k^xmftV. £ £> 

15 #@2§§2 2 1 (DA^te, #@E3§2 2 0 £E«6, JfiMfl^^ 2 OOll 

^PfilfllfflliEfflSifr^-x^ 2 0 2 \ZAt}TZ>mmffijE ; E—*> h Me £ \Z 

iE^-^ > h Me «$n§. 2 1 7 a ©ffi# (#@fl 

f^li^Ilt, ISHfc&iE^: — ;* > h Me '^HSn5. 
»217a©ai**6, K^JjtlE*-;* > h Me * H b 51 Vifc *> © 
¥ttfc^5 f ;i'±#&i&«#A*&jEffl : E-;* > h Mrs tbt^$n§. 
£ &fcAj*:«Jfc:»iWr*£, #^JS?£1iTte> #13312 2 1 fit, fllfcfcf, 
25 A* (t^^2 1 7 aCDfH*) Sd-ZU^^i^ iCll/t&SiSSS 
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2 4 1 

ItHiAt^tftl:, t(DA±l 2 1 7 aCDtti^/) ffi B Mps * 

^L3HAfcJ&#£MII*fiIE ; E-* > h Me tl/TtB^t^o 

frm%s 2 2 1 (DmtJ-C&ZmmmE'E- * > b Me £_t:#zk 5 P&«*& 
iEffl^E^^^^^^E-^^h Mpf .£ Mp 1 7 b T #0 1? T & £ 

<t id cfc D -b^7K¥^MffiiEffljSl&^:^;V^-^ > b Mp 
10 ^IT, -L^TK^P^BMiEfflmSj^^^^-^ > h Mp JiteTk^te 
S*ijEmiEIKj ; Err;P 2 0 2 £ A #2*1* _h#7K¥#:ei#IEffl g£» =E =f)V 
2 0 2 (C t kOWiEffli5«j ; E^;i'±#:7jc5p^SXc^^:^$n^o 

#I5§§2 2 1 ^t-Q©m*-efe§mi6^ ; &^;i/-h#7K 2 P^S1 i i 

lEffl^-^ob Mps tt^M-fb^:^;v 2 o o CA^j^ns. m 

15 lam 5 HJE^MCDEI 7 4 iC^^T, ^M^^^^-b^TK^feeMiEffi^ 
— ^ > h Mp ^fifljtf^ 2 0 0 CA*T§ c£lc*B^T£ ! £>(£>T$> 

20 > h&^g&£|W|-T:&£o f£ L , I3 7 2 (DWU-e&zm&fflMM 

yftffisEmmm^^jir^-^yh Matt, ie/b^®^ 

5^2 3 1 fcia»A#$n?\ #@E^2 4ll;Ai)^n5^:t, * 

25 #@bi§ 2 4 i ic^v^Ttt, mtiLffimnfyMWjEmmwi^Tjv^-ty 
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2 4 2 

#IE^2 4 1 (DAtlfe. #IB§§2 2 0 <h|Wj4£s Mft ; ET^ 2 0 0 £ 

Attt^mmit^^jimummm^nmiEm^-^y v Mas 
£<z>i$* M&mmmQ MffiiEmmm^^ KAti Mai t^ni^rJi/ 

i£4E*IKlfi D MffiiEm^- * > b Mas <h (Dm&MtiL&M&M D ^ ffilEJB 
tf^t - ^ > h Ma l:-St 5 «t 5 tc, M&ffiMMQMMAEmmm^ 
"T)VAtl Mai h&Mtt,*:? )Vm^Lmmm D ^MiEJB^E — ^ > h Mas <h 

10 fusils (H5^j^n^)o 

T , i£te*HUfefg 0 ^MXEffl^Kj^^A* Mai ^fttsns. 
ffiffiSl D ^MiEffl^^^^E-^ > h Ma 

15 m^^jvAt} Mai msns. mmnmm d ^mie^^e^jv 

; E-^>b Ma a>53£ffiffil»«D£ffiIEffllg» ; E'7 i ^A;& Mai §il 
5U^feCD^\ ^^^^^;U^fe|aj^^O^MiEffl ; E-^>b Mas £ 

24 114, MZ\*s At! (ffffill D MffiJEm^^fr^- * > b 
20 Ma) SD-/U7^J^I:ILT?a:SiSt^» (lt2ifc#) S^Mft 
^TOPigftfliJJfc^ D ^MiEffl^-^ > h Mas 

t(DAtl (M&mimMVMffiJEm : £- : T)l> : E-- b Ma) ^e. Mas & 

mv$\\,*f£}&ftiPM&ffiMMr)MffiiEmmm*<T)VAJj Mai iitta 
*$n^>o £<d*j-&, i&mwii&fr (ifi»st^) ti&slift^fMftffi 

25 M^D^MiEffi^-^ > b Mas fcMbTfci:, ^^^#'l4^^fei±T43 
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2 4 3 

ft£#ft-r5^jiT«, Mas wmmfem (mx.&o) tcit^^n^j; 

3 \Z L-T*5 < o 

Mai \$, ffimm&mMMDftffiiEmmm^^fr 2 3 1 cx^^n, 

*g«9^ 6> ca #^5t£n£ 0 

ffiJEm^E-^yh Mas tt¥Mlb ; EfJ!/2 0 0 CAA^nS, ZLtlte, 
10 rfc^tlEffl^-^O h Ma Zm-mfc^^JV 2 0 0 \ZAUTZ>C£lZffim-? 

^^B-^>h Mrs (mmm &$£±Tz>±&m& : £- vommmm^ 
nmv, mM4t*'r)i±fe7k5t&mwiJEm : £—* > b m ps (mmm) 

&mmm v ^mmm^- * > h Mas ^^T^^^^igD ^- f<d 

&43, ^mi^HTte, 16 50S 3 5 2 8 ©II©-^tc5§14 
30S8OOC*UT, S&lS;£&©i&iS#jiB£ IT, 
WSmMft^^^OJRIB**^^*. foT, #g33g 2 2 0, 2 2 1, 
2 4 1 a> S^mfc^^fclfcH^Sft* Mrs, Mps Rtf Mas # 0 £k$\-<D 

\ZJfoUT S 3 5 2 8 fc&^T, ^/\° 9 ;* - ^ 3&*fc£4fcIE $ H S • £ 
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2 4 4 

tum^m&(Dmn&±% < mm? & t , Mrs, m ps rzs Mas o)m$ii$. 

mnm2 0 4, 205, Bm±fo*3f&w*mm?z>mmm> Merr m 
5 m-w>2 1 6, ±fcmmmm&mjEmmm : E?)i<Mwm 2 0 7, ±&?K¥ 

&g«IEfflS»J^;i/ifitHMJ 2 0 6 > Min^#gP 2 0 9 , Fin^#§15 2 

1 0 , mm^mm 2 1 1 < M P f 215, ^^tgj^jg d nmiEm 
gi^f;^-^ > h^i 2 4 0 oim, mmm4mmmmtm — 

©tSft#gl ; Ef;V2 0 2, 2 0 3, 2 3 1 (DVtMmiZ&lomffi.ik 

^)V2 0 0 <DVtmm&miE?%&vtemmm : r?3i5>&mute^o z.n 

te, #@3g§2 2 0, 2 2 1, 2 4 1 <£> ^UHt ^ It 
IEffl ; E-^>h Mrs, ^M-fb^e^^-h^Tlc^eMMlEffi^— ;* > h 
15 Mps R^mM'fb^^^^fe^M^ D ^iMiEffl^-^ > h Mas ^iiinX 

^^ii^M-T^, ##@B£§ 220, 221, 2 4 1 

clOiJ^r, #!l?Lfcf#iE§§ 2 2 0 ©tB^TI^W^f^iMii 
i^tf&IEffl^-^ > b Mrs £0fcb, #ieg§2 2 1 <Dffi#T&3#M 
^^^;W±#:7jc5p^g^lEffl^:-^ > h Mps ^OCb, #13^2 4 1 
<Dftt)T»fo%^m4k^?)\'MtiLmMMVnffiJEm : E~*> h Mas §0 
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2 4 5 

~*>h Mpf fcJn#b&*§BjKbfcV*f6 3 <Dftmm\ZAt> V, "t<D 
^¥M{b c E^;P±#7j< 5 P^g«jEffl ; e-^ > h Mps fcJnJU/Tfe&V*. 

5 e: o^-^r. ftmm 2 2 l e>m#T& z>^ffl,4k : £7 £ )l'±fc7k3ttiLW;mEm 

t — ^ > h Mps SOIClTfe^^. *r^t>-&, #IH33 221^1^1, 
7^ ; 6tJTOA ; E-^> hS*^ Merr fc$*-f > Km £ fit D jit £ 

io ^-hgawufe^ 6 mmmmte. *$&w<d 5 i i oisw, as 

1 2 1 5 fgBJ?, 12 0~I2 2|gBJ, 12 4 ~ff§ 3 2 fgBJ, |34 

~SIS4 1 $gm&£Ztm 4 3 TIAS. £CD4§£-. H 

6 ^Jfc^&fccfett 5 > b$&ItJ&# (Mdmdz ^#JObfe^ 

15 \*±&B—Mmmm&&nigy b 1 (Dmmmomm, Mdmdz mmmm 

( 7 )V =E 5 s )\> ft IE ffl ) ©JfcH^^-^^hf&It^^ffF^i&H 
[Mzmin/Mzmax])&*fWIKMfc*©W^*effl l:*8StS . £fc> ^M-fb^E 
TMtOlM^^ltSiWftiHICffiSl, £tl£S 3 5 3 6 
20 TlSEjELfc , bOj^Bfll311&CD^I^fifcffi^-r§. ^ *>\Z, S 3 5 2 8 T 

mm^^^ti) ffinmiss % 3 i femtz&vtzm 1 w^^jk 
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2 4 6 

(^(t-S^f^iiE^^t-^Vhi:, f§ 1 0 % W \Z $> ft £ =E - * > 
h#EjE&f£ft *J:OC«3 6 98 91 Id & £ flc :*J ^ - * > KDj^f^S 
fcfflHi L, iMa© -5 somite ^^5* ;P iS»&*B fil 18 9 fcfcSIEffl^-;* > 
h Mas &m 3 1 ii(C^it5lS* ; e-^> bttiiESte, Mai #Sg 3 

fra^&ffi]»Se>#J£lEffl^7 ? ;i'5£5£te^-*> b^tl Mafdmd # 
ft 3 ftBMK&tfZ^^JVffilEmKtl*-* y Y £ * ^2 4^BJlC*5tj-^> 
iBKl^^HiftsSCDfiJfctet* B 3 4^^^*5tt^^JK* ; &-^ > bW 

mm^^m t.. m 3 7 mwiz£>tfz>mKjj^-*> hoists©®* 

10 fiiCffiSl, ttjEfflaft^E^^^ffifflWigD^ 0ca J&* S& 2 56 W 43 
Minz 4 3 5SWfc*^SWISM^'*0*3ee»Cffi^"r * 6>fc, 

15 jg 6 ^js^«fc*tts y )v^z^)vmKti^-^ > bmnj&fr Mfuiiz 
=e-* > y <D®tmj&fr\zmm'r & , nt, z.n\zm i 2 ©suras 2 3 

OgT Mdmdz £Jn*.fcfc©#*Sl2 0 3893 43 «fc tfft 3 1 18 BJfc 43 3 

20 9§©*n<, gmmm&njEm IE m mm ^^)vm&i® MM® m 0 ca.) 
^-^>b Mas 1 <omi3^*^)\'£vx<D&m4k*7 £ )i<izmm&} 

25 &43, M«B»6 *J6^JI8te^^T«, Mafdmd 0 fcfcS % 
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u±mm vfrm 3 ~n 6 mm&m-cu, i6 5®s3 5 321: 

5 JEfcK*^-*> b7k¥J&##0 fc. ^@#^l^^fit (III 

»jcd^!^b#«) **ffi*rscfc-5K:ufcj5«, ^ n ^ ^ x. r , $ i mmmm 

fc^tt-SH 5 60S 3 0 3 2 ©<fc5(I> |«Z'MP$t)D IC^E^^^f^ 
«k 5 K 1/ T «fc V> . H5 3l:*t*D<, ^£/&=g§«l 
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